Abstract-Five experiments probed the conditions under which observers fail to report instantaneous reversals in the direction of motion of pixels that define the rotation of a transparent sphere or plane. Our results showed that the extent to which rotation reversals were not reported depended upon whether observers used strict or lax criteria to make their judgments, the degree of perspective present in the rotation simulations, and the percentage of pixels that actually reversed direction. Furthermore, we found failures to report rotation reversals both with stimuli whose pixels were confined to smooth surfaces and scattered within volumes. Reversal detection with planar stimuli, unlike sphere stimuli, depended upon the orientation of the stimulus at the moment of reversal. Treue et al. (1995) postulated a surface-interpolation process as the explanation for the apparent insensitivity of observers to such reversals. However, we suggest that other stages of processing (e.g. a structure-from-motion process) are required to account for these results.
INTRODUCTION
It is well known that dynamic projections (either orthographic or polar) of threedimensional (3D) objects rotating around axes other than the line of sight can lead to compelling percepts of three-dimensionality and rotation. Such percepts can be maintained despite changes over a wide range of spatial and temporal variables and rotations (e.g. Petersik, 1980 (e.g. Petersik, , 1987 (e.g. Petersik, , 1991 . They are also quite robust under a variety of stimulus perturbations and manipulations (e.g. Petersik, 1979a, b; Ullman, 1979; Ramachandran et al., 1988) . Such phenomena suggest a perceptual structure-from-motion (SFM) process that is very sensitive to projective * To whom correspondence should be addressed. E-mail: petersikt@ripon.edu † Present address: Psychology Department MS25, Rice University, PO Box 1892 , Houston, Texas TX 77251-1892 transformations that correspond to possible object motions in space, is tolerant of noise or unusual perturbations, and which generates compelling percepts of objects in depth.
So compelling are the global percepts of objects that arise from such dynamicperspective transformations that relatively large changes in the characteristics of the displays are often unseen. For example, Treue et al. (1995) studied orthographic projections of vertically oriented cylinders rotating about their longitudinal (i.e. Y -) axis. Also, the simulations made use of what the authors called 'limited-lifetime pixels'. That is, the pixels that supported the simulation of the rotating cylinder asynchronously disappeared after 75 ms of motion, only to reappear in a new location on the surface of the cylinder and continue moving on a path consistent with the original rotation and new location. Because of the orthographic projection, the displays of Treue et al. (1995) had no objectively correct direction of rotation and, correspondingly, no objectively correct front or back surfaces; i.e. the observer perceptually imposes such characteristics.
Somewhere in a circuit of rotation of these simulated cylinders, Treue et al. (1995) abruptly reversed the two-dimensional motion direction of all of the pixels that composed the cylinders. When reversed, the pixels followed the same paths they had recently traversed. Despite the wholesale change in the local motions of the pixels, direction reversals were generally not perceived as such. Instead, there was a tendency for the observers to continue to see a cylinder rotating in the same direction as had been perceived before the physical motion-reversal. We refer to cases in which some feature(s) of a dynamic stimulus can be reversed without the reversal necessarily being perceived as such as 'reversal insensitivity'.
To account for the insensitivity to such rotation reversals, as well as to explain related findings, Treue et al. (1995) and Hildreth et al. (1995) postulated the existence of a 'surface-interpolation process'. According to Treue et al. (1995) , surface interpolation is "a process in which the object depth values extracted at the stimulus features are used to reconstruct a complete surface in depth which fills-in depth values between the known depth values" (p. 140). Furthermore, the authors indicate that a property of surface interpolation "is that the extracted surface incorporates the information derived from individual features and preserves that information even after the disappearance of any individual feature" (p. 140). That is, the global surface representation takes precedence in perception over representation of the details used to support the global representation itself. The direction reversal of moving pixels, therefore, may not be given a salient representation in perception (at least some of the time) as long as continued information consistent with the rotation of both front and rear surfaces of a rotating cylinder is maintained. Treue et al. (1995) also suggest a physiological implementation of their surfaceinterpolation process. Snowden et al. (1991) found direction-selective cells in Area V1 of the monkey that do not respond to motion opposite to the preferred direction. Of these cells, Treue et al. (1995) say: "These cells would only 'see' one surface of the cylinder and points that belong to that surface and then reverse their direction of
